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A VI BEG BFASED COLOR SENSI NG DEVI CE FOR A PRI NTI NG PRESS CONTROL SYSTEM
BACKGROUND OF THE | NVENTI ON The present invention relates to control
systens for a printing press. In the past, four process inks (cyan,’
magent a, -yel |l ow and bl ack) have been used on.a printing press to produce
copies with a ganmut of colors. To inprove trapping and reduce ink cost,

various undercol or renoval technj - and PRAeent r epl acenent
(GCR) techni ques have been A Rf:qu ai%ﬂ%?ﬁogmﬁg. The UCR and
GCR techni ques renove a certal h anount (9 the cyan, nagenta and yellow ink
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fromsone printing areas and r BACRGR ] N anount of the

bl ack ink. Thus, the black ink has been used to generate not only the text

but al so the col i mage, thus, reducing the total_volu of ink.used to

it i 11er ont a8 oPEERBEF aA R IR ERE RN 50  EPBFES bt (TS ARR oFSR: @

UCR and GCR | determ ne when this black ink substitution wll
B B

take pl ace mount of inks will be substituted. In the past, the
press room col or fepErélughse) sv@ti b¥ofess 2hkBr Qe9an, haadeaen , dipd1ded; idH
two categories: "control by target” and "control by imge.™ In the "contro
by target" rlduk) havecbeeh uskdrorcanprihtinggetess tpprodaedei copiearwith a
I nstrunents, such as densitoneters, are used to nonitor the color
attributes, gamut #f cpdospei (B9 igpmoveytrappingand peguce imkecpst ntvamious

press is then adjusted based, on the neasured deviation of these control
bargots frofBASRGRKST REOURE Tamiiis aRee, LUCRY ARG, SHe¥, SOMBADSAL  FeRLARATAME

for quality coudy Qéeé\ﬂ%eei WAR/e pUM G ES é@fgf’rggﬁaf'&fmtp@cessing.

The UCR and GCR techniques remove a certain amount of the cyan,

magenta and yellow ink from some printing areas and replacé then
with a certain amount of the biack ink. Thus, the black ink has
been used to geﬁerate not only'the text but also the color image,
thus reducing the total wvolume of ink used to print. Different
color separation equipment manufacturers offer different UCR and
GCR techniques to determine when this black ink substitution will
take place and what amount of inks will be substituted.

In the past, the press room colqureproduction quality control
process has been divided into two categories: “control by target"”
and "control by image."

In the “control”by-targeé' method, a set of color control
targets is printed in a margin. Instruments, such as densitometers,
are used to monitor the color attributes, such as the optical
density, of these targets. The printing press is then adjusted
based on the measured deviation of these control targets from a
predefined attribute valﬁe. The application of this method for

- quality control creates waste and consumes resources in that an



- 2- aﬁditfonal process is required to cut off this target fromthe fina
product. It also requires tight material control for paper color and
porosity, ink color, and other printing paraneters so that the desired

i mage color'is nmaintained. In the "control by inmage" nethod, the print

| mage on a production copy is conpared with the printed i nage on a
reference copy, called a proof. The press isj,then adjusted based on the
di fference between the production i mage and the reference i mage. This
systemis nore versatile because it does not require an additional target

to be print . ' Ys d s kS @ s q£ﬁﬁ? t e
“control by§§%+%{§‘alng§%%%%£cﬁéuse nlfs%érrehegsi! Fﬁgt %‘%gs @I‘Lt% houg .eﬁlgfﬁ{e@gﬁ%d
attributes pinPUrdudtar 9ekSa®Bot PEqRLLsk ight Haterabe 8AErbIBESS Fdfer
the sanme, the two images will | ook different. Conventionally, both the

i mge conpacolar t asd porosiky priods callarst i and t askenrprinting npardnetteqy exs
operator. To inprove the productivity and the col or, consistency, several

automatic pFhaEithe fesined inagecePIPr sigtadnadP®dbeen reported recently.

These systens usg opio-el ectroni ¢ _sensor _devices sugﬁ a . ;
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the visible region of 4 nm t hrough 700 nm i1 n~"wavel ength”of the

el ect romagnespE, SeeTlédina pProegecr The igness his viheh| adjagted, babeds onotthe

possi ble for these devices to reliably distinguish the black ink fromthe

process bl adkffmuendey hetween the production image and the reference image.
This system is more versatile because it does not require an
additional target to be printed. The *control by image®” method is
also more accurate than the "control by target®” method because in
some situations although the measured attributes of control targets
on the production and reference images are the same, the two images
will look different. Conventionally, both the image comparing task
and the press adjustiﬁg task are performed by a press operator. To
improve the productivity and the color consistency, several
automat;c'printing quality inspection sjstems have been reported
recently. These systems use opto-electroﬁic sensor devices, such a;
a spectrophotometer, or CCD color cameras, to measure the color
reproduction quality. . Currently, the bandwidth of these sensor
devices is limited to the visible region of 400 nm through 700 nm
in'wavelength of the electromagnetic spectrum. However, within the
visible region, it is not possible for these devices to reliably

distinguish the black ink from the process black made by the

combination of cyan, magenta, and yellow inks, or to determine
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conb¥natibn of cyan, magenta, and yellow inks, or to determ ne - 3-

whet her the black ink or all cyan, magenta, and yell ow i nks shoul d be

adj usted. Although these devices, such as spectrophotoneters, m ght be able
to measure the printed color accurately, it is difficult to use the
measured color information to achieve the automatic control for a
four-color press without a target due to thegifivol venent of the UCR and GCR
techni ques. A control nethod wi thout targets could require selecting the

oints in the imge.to pe nmeasured a | arge nunber of, neasureents woyl d
Pove o be whatherogne black cakps all Swas, Bagehkay hg VaLIgY AAke, ARl
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ensure this consistency. In order to control the printing press curately,

there are AFficndana alse cele ree@ired Otol b S iadoEnat Dos etloC alchi evenihey
system These two requi rements are position-invari ant and time-invariant.

The positi @wtiomadiicaconteqli fencat foustealon Imtes nsithoartt antangednduies toan
be obtained froma sanple regardl ess where this -sanple is _positioned in the

camera fi eltdreofinpadyemens ofnthenPERi a3d GERuiteshniQuessufesontzel method
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be measured or a large number of measurements would have to be
acquired. A camera system can acquire a large number of
measurements simultaneously,'giving it an'advantage when targets
are not printed.

Since the quality of control can be attributed, in part, to
the consistency of measurement, it becomes necessary to provide the
means to ensure this consistency. In order to coﬁtrol the printing
press accurately, there are two fundamental requirements for this
camera based color sensing system. These two requirementé are
position-invai:iant and time-invariant. The position-invariant
requirement ensures that.consistent measurements can be obtained
from a sample regardless where this sample is positioned in the
camera field of view. The time-invariant requirement ensures that
repeatable measurementé can be obtained ffom a sample over a long
period of time. .

However, many components used in a camera measurement system
are not position-invariant. For example, a lens transmits less.

light at its border region than it does in its center region.



are mot position-invariant. For exanple, a lens transnmts less light at its

border region than it does in its center region. -4- Normally, the
relative illum pation of a lens is proportional to the fourth power of the
cosine of the viewing angle. This neans that at a 30-degree view ng angl e,
the relative illumnnation is-only 50% of that along the optical axis of the
lens. At a 45- degree viewng angle, the relative illumnation is further
reduced to 25% Thus, an inmage obtained fronan uniformy illuninated area
wi | | have darker corners, especially when the viewing angle is |arge.

Dependi ng Worhdlls,! the @lelgtdss SDDumimdtien cofita NDensiSksl prdportdanal to
corner problem may also be wavel ength related. Therefore, certain canera
channel s neshehFannrdy @ogark ofokher cpsbneepf thanviewing anthe cifdiscmeanso

overcone this dark corper problem .maintain a higher, dynam_ range. and to
enabl e a urfitdr Mt & g2¢-¢ WP D AHe 'caFn’tﬁ a""alsa%‘r’ﬁef dﬁrh"‘“ﬂ'gfaélpf‘gl’r?
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.conponents ar time-1nvarian. exanp e ou i may
vary based d&lg?‘étev‘iéﬁﬁ.ﬁbl &g, the sepatied vOldmiGRtadd 25Df@Rther reduced
tenperature. The characteristics of the canera preanplifier and

anal og-t o- ddagi25al. cThnves sinoimage wbttaimed Srem abamdfoirmim 11l emimattédraredhe
canera lens iris setting nmay al so be changed by vibration. Al of these
factors dediddschavee d3zhesn ecemrensbi ¢sPeciaidvcvhen cthgdvieviegi anghe is
position-i riva%:rgieafntngpngn&in?hpon the type of glass and surface coatings used,
this dark corner problem may also be wavelength -related.
Therefore, certain camera channels may have more dark corner
_ problems than other camera channels. To overcome this dark corner
problem, maintain a higher dynamic rangé énd to enable a uniform
target to be viewed by the camera as uniform, more light is needed
~in the corner regions of the camera field of viéw.

Many compoﬁents are not time-invariant. E;or example, the
output of a lamp may vary based on the variation of the supélied
voltage and ambient temperature. The characteristics of the camera
preamplifier and analog-to-digital conversion circuit may alsd
change from time to time. The camera lens iris setting may also be
changed by vibration. All of these factors decrease the system
repeatability.

To achieve and maintain the position-invariant and time-

invariant requirements, a standard viewing condition is needed in

order to compensate these variables.
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i nvari ant “requi renents, a standard view ng condition is needed in order to
conpensate these vari abl es. -5- SUMVARY COF THE | NVENTI ON A pri nci pal
feature of,the present invention is the provision of an inproved |ighting
system for a control systemof a printing press. A color sensing device for
a printing press control systemconprising, a plurality of lanp fixtures
for providing light in the visible region and the near infrared region of
the spectrumto illumnate a view ng area, -ad caner a assenbly, said canera
assenbly conprising multiple channels to capture i mages in the visible
region and the near infrared r§ OR] THE |INVENTION | ens for generating
said image, a calibration target with a uniformlight reflectance, nmeans
for adjusting th&ﬁ%‘f%ﬁ%tﬁe@%‘lé’# efithe pyesens inventiogecks ddyst prowisiom
said calibration,tar channel of said canera assenbly is as
uni form as gos& e rg‘ﬁ%%n%‘ﬁ%"“&pﬁ?ﬂ‘ﬁﬂ Oh R EPRNF e |s¥sT e SFpanPELREANG
process inyapder to obtain an image which corresponds to a
posi tion- iﬁvar|ant view ng condition, and neans for applying a canera
val ue rel ated capnmpensat seAsPhOCE e { C
corresponds to a st andar d V|e€nng§t%ﬁd?§€o% belgggﬁ% gé ?énﬁg§%¥€£eg¥8tem
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Anot her feature of the invention is that the device obtains an
visible region and the near infrared region of the spectrum to

illuminate a viewing area, a camera assembly, said camera assembly
éqmprising multiple channels to capture images in the visible
region and the near iﬁfrared region, and at least one lens for
generating said image, a calibration target with a uniform light
reflectance, means for édjusting the distribution of said light so
that images captured from said calibration target in each channel
of said camera assembly ié as uniform as possible, means for
applying a position related coﬁpensation process in order to obtain
an image which corresponds to a- position-invariant viewing
condition, and means for applying a camera value reiated
compensation process in order to obtain an image which corresponds
to a standard viewing condition.

A feature of the present invention is the provision of means
for providing a light compensation.

Another feature of the invention is that the device obtains an
image which corresponds to a uniform lighting condition.

Thus, a feature of the invention is that the device calibrates

the lighting system, and provides a perceived uniform 1lighting
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i magé whi th corresponds to a uniformlighting condition. Thus, a feature of
the invention is that the device calibrates the lighting system and
provi des a perceived uniformlighting -6- condition which provides
posi ti on independent neasurenents for the control systemof the printing
press. Further features wll beconme nore fully apparent in the follow ng
description of the enbodi ments of the invention, and fromthe appended
clains. DESCRI PTION OF THE DRAWNGS In the drawings: FIG 1 is a block
di agram of a control systemfor a printing press of the present invention;

FIG 2 is acéhd{tidarahichypeuvides ppsitilotimiatiepbfidedt nfdaSur@ments Pbpoctkhe
di agram of the control systemof FIG 1; FIG 4 is a diagrammtic view of a

canera or seestrol system odnthel priaténgdapresm- present invention;, FIG 5 is
a diagrammati c view of .another enbqdinment of the canmera or sensor for the

control system fERTERRF pLERERTeS nWadtli PO MBTEs TRIGYa FRRAERGT FReVFRf
f h | f .
o e CERRULTED) iR, AR Ay oD B o

present inventromn, e nornalTze age o
I R Refl ectigpe agiphdinded RAAREGENt age Dot Area in a printed sheet; FIG 8 is

a diagrammatic view of a spectrum of el ectromagnetic waves including the

vi si bl e spectrum and the infr pESCREPPTON UOF THE DRAWINGS
In the drawings:
FIG. 1 is a block diagram of a control system for a printing
press of the present invention;
FIG. 2 is a diagrammatic view of the system of FIG. .1;
FIG. 3 is a block diagram of the control system of FIG. 1;
FIG. 4 is a diagrammatic view of a camera or sensor for the
control system of the present invention;
FIG. 5 is a diagrammatic view of another emboéiment of the
camera or sensor for the control system for the present invention;
FIG. 6 is a diagrammatic view of a further embbdiment.of a
camera or éensor for the cont:ol system of the present inveﬁtién;
FIG. 7 is a chart plotting the normalized percentage of IR
Reflection against the percentage Dot Area in a printed sheet;
FIG. 8 is a diagrammatic view of a spectrum of electromagnetic
waves including the visible spectrum and the infrared spectrum;
" FIG. 9 is a diégramﬁatic view of set of elements for a sensor
- space and ink space;
FIG. 10 is a block diagram of.the sensor space and ink space

in conjunction with the control system of the present invention;
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FIG ‘9 is'a di agrammatic view of set of elenents for a sensor space and ink
space; FIG 10 is a block diagramof the sensor space and ink space in
conjunction with the control system of the present invention, -7- FIG
11 is a block diagram of the control systemfor adjusting the printing
press; FIG 12 is a diagrammatic view of a lighting arrangenent for the
control systemof the printing press and Fig._12a is a diagranmatic vi ew of
a calibration target positioned in the field bf view.of a canera device;
FIG 13 is a chart showing the intensity of the output of two groups of

I ' he |1 | g t:. . FIG 14 i hart . show n ercent age of
e e P19 L ARISTE oy Bl Con e R SRR PP 25T SSTL 205 of
view of a ngh&LPlsimﬁl};gs%t.l on target; and FIG 16 is a chart showing a

mappi ng between neasu cangra val ues and desired camera val ues.

DESCRI PTI ON OF Tig PRIEFERRED JINBERMYERNTS Fedw!df 1&<aﬁttiath§raﬁgeﬁQ%ef§§
shown a control system generally designated 10 for a printing préss 0
t he presenttheveontaol Tspstant ofl thest pridOifa@s presschandelFigensiza 21is &
data converter 23 for processing information fromthe sensor 21, and a
diagrammatic view of a calibration target positioned in the field
of view of a camera device; |
FIG. 13 is a chart showing the intensity of the output of two
groups of lamps in the lighting arrangement;
FIG. 14 is a chart showing percentage of transmittance of two
filters used with the lamps; .
FIG. 15 is a diagrammatic view of a multi-step calibration
target; and
FIG. 16 is a chart showing a mapping between measured camera
values and desired camera values.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIG. 1, there is shown a control systenm
generally designated 10 for a printing press 11 of the presént
inveqticn. ;

The control system 10 has a 4 channel sensor 21, a data
converter 23 for processing information from the sensor 21, and a
device 25 for controliiqg ink for the press 11. As will be seen
below, the 4 channei sensor 21 detects the energy reflected from a
paper surface, such as the paper web for the press 11, in both the
visible region and the infrared region of -the electromagnetic

spectrum. As shown in FIG. 8, électromagnetic waves in the infrared



devi ée 25°for controlling ink for the press 11. As will be seen below, the
4 channel sensor 21 detects the energy reflected froma paper surface, such:
as the paper web for the press 11, in both the visible region and the
infrared region of the el ectromagnetic spectrum As shown in FIG 8,

el ectromagnetic waves in the infrared -8- region have a | onger wave

| ength than the visible spectrum with the wee | engths of the

el ectromagneti c waves in the region of visible |ight being approximately
400 to 700 nanoneters (nm, and the wave | engths of the el ectronmagneti g

waves in t Kegippr Ba¥E FeéPBﬁerlH%YQKH?EP?R%ﬁhQQﬁ?Qﬂ YF’%R%?ufﬂﬁﬁﬁi My o "&Fh

dupport 12 Pr PR AN oF T Sl %Q’fg“f RreTE E e B8afon ot
the sheet Vis;Bl@ £2ght 95 %% T LR ?g@%ﬁ%ﬂé@éﬁss (kh)3Ndnd0

for illumnating t e syste has a first color V|deo canera

or sensor Zaehawdvy iéngehs£hapnehe farecst&munl&mat twavielst ebn othéhd nftlaged
fromthe sheet 14 in the visible region.of the el ectronmagnetic spectrum

such as retegdoagnimcihding near infiraredigbeiag equaldid ow guesténrthamaédng
the sensed informati on over separate lines or |eads 24, 26, and 28 to a
sui tabl e dngi-t al conputer 30 or Central Pracessing unit having a randomy
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attributes p?.facteﬂgnhngf 8 ghéggsgfi 5%44‘%3%1?‘ :ﬂn?age or indicia 16 on the
‘ sheet 14 in a configuration beneath a pair of opposed lights 18 and
20 for illuminating the sheet 14, The system 10 has a first color
video camera or sensor 22 having three channels for detecting
attributes of the inks from the sheet 14 in the visible region of
the electromagnetic spectrum such as red, green and blue, or cyan,
magenta, and yellow, and for sending the sensed information over
separate lines or leads 24, 26, and 28 to a suitable digital
computer 30 or Ceﬁtral Processing unit having a randomly
addressable memory (RAM) and a read only memory (ROM), with the.
computer or CPU 30 having a suitable display 32. Thus, the three
distinct color attributes of the inks are sensed by the camera 22
from the sheet 14, and are received in the memory of the computer
30 for storage and proce351ng in the computer 30.
The system 10 also has a black/white second video camera or
-sensor 34 having a filter 50 such that it senses the attributes of
the inks in the infrared region of the electromagnetic spectrum,

having a wave length greater than the wave length of the



from'the Sheet 14, and are received in the nmenory of the conputer 30 for
storage and processing in the conputer 30. The system 10 al so has a

bl ack/white second video canera or sensor 34 having a filter 50 such that

it senses the attributes of the inks in the infrared region of the

el ectromagneti c spectrum having a wave | ength greater than the wave | ength
of the -9- electromagnetic waves in the ykﬁlble region of light. The
canmera or sensor 34 thus senses infrared information fromthe sheet 14, and
transmts the sensed information over a lead 36 to the conputer 30, such

Lpat the | biGEtddiUdTRl WalebS 1A' ROy I RIK! FUPIAP BRI 1OMNEN® RETLRIra

30. The normal1 ze rcentage of Infrare IR) retlection vs. . the

percent age gf g@iscr €34 i thiid Wiriges! Hafazed -dhfbicfmation! from| théesheen 1At
the infrared refl ectance of cyan, nmagenta, and yellow i nks show no

si gni fi cantandanpmsadita thactermedfinfornehiageovdr dofleadcldd tidohbeceomputer
normal i zed infrared reflectance of the black jnk displays a significant
change as a3%ur4Shhat ﬁéﬁcéﬁfﬁﬁéeﬂflﬁﬁﬁrﬁﬁQ%ﬁne%ﬁj4%9§§6e§angﬂ1%F°°essed
normal i zed vang of 10Q96I§oteflection for 0% dot area to approximtely 18%

I R reflecti%% r%gﬂﬁﬁ1 th to 100% dot area. Hence, the black ink may be

easi |y sensed a”ﬂh@nﬁﬁd&@%éﬁ%éééﬁ&ﬁ&@f §QleearedKFIRY et ecBibar 04, the
region of the el ectromagnetic Wwaves. shown in FIG 2, the sheet 14 may

contain a pperdettage@E doti atdesi s hashiimhthe chantnefi Fidm7a Turwibl be

press Tin O;eégethat the infrared reflectance of cyan, magenta, and yellow
inks show no significant change as a function of percentage of dot
area. However, the normalized infrared reflectance of the black ink
displays a éignificant change as a function of percentage of dot
area, and changes from a normalized value of 100% IR reflection for
0% dot area to approximately 18% IR reflection corresponding to
100% dot area. Hence, the black ink.may be easily sensed and
disﬁinguished from other color inks in the infrared region qf the
electromagnetic waves.

As shown in FIG. 2, the sheet 14 may contain a printed imége
or indicia 16 which is obtained from a current press run of the
press 11, termed a production or current copy. In addition, a sheet
38 containiné a printed image or indicia 40, termed a reference
copy, from a previous reference press run may be placed on the
support 12 beneath the cameras 22 and 34 in order to sense the
energy reflected from the sheet 38,'and send the sensed information

to the memory of the computer 30 for storage and processing in the

computer 30, as will be described below.



press ll,lterned a production or current copy. In addition, a sheet 38
containing a printed inmage or indicia 40, ternmed a reference copy, froma
previ ous reference press run may be placed on the support 12 beneath the
caneras 22 and 34 in order to sense the energy reflected fromthe sheet 38,
and send the sensed information to the nenory of -the conmputer 30 for
storage and processing in the conputer 30, agow || be descri bed bel ow

-10- Thus, the caneras or sensors 22 and 34 may be used to sense both the

current copy or eet ﬁ and _the reference c s#get 3?’5
i nf or mati on supplied’ b%’ PhEVERRT & zsf“ﬁﬂfss P Eﬁs&ﬁé‘l" sense
I nformation gy n2 ehldl baPkendNEd c[u]:‘e’s%'e%t gl Sgg"%ﬁ&ef f&&é{f}%ﬁ:. s taﬁeeﬁ

board on the conmputer 30. Thu computer opera es on

i nf or mat i on 3ghi ihe SnFormAtibA bﬁgpme@ruycehée&aﬁaﬁlwgzt Oahbeaunfzgf Fathes
sensed fromthe sheets 14 and 34 by the canmeras or sensors 22 and

Ref erri ng ndwteodfgixal, inffromationshpva suitdaide dmagbgnt@fdig'nezaﬂora:bhvbrter
system 10 far the printing press 11 of the present invention. As shown, the
four inks (dfafl, LReRRGAD %Vé'l detﬂileaékl)lpeteﬂ@-f ofhugp| the mompuitieg 30
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Referring now to FIG. 3, there is shown a block dJ.agram of the
control system 10 for the printing press 11 of the present
invention. As shown, the four inks (cyan, magenta, yellow, and
black) of the four-color printing press 11 are first preset, after
which a print is made_ by the press 11 with a current ink setting,
thus producing a production or current prixited copy, as shown. The
color and blac_k/white video cameras or sensors 22 and 34 of FIG. 2
serve as a four channel sensor 21 to capture an image of the
current p_rinted copy, and then place this information into the
memory of t_lie computer 30 after it has been formed into digital
information.
Next, an "Ink Separation Process” 23 is used to convert the
red, green, blue and Il;l images captured by the four channel sensor
21 into four sepafated efan, magenta, yellow and black ink images,
which represent the amount of corresponding ink presented on the

live copy. The "Ink Separation Precess" 23 may utilize mathematic

formulas, data look up tables or other suitable mea'ns.to perform



menory of “t he conputer 30 after it has been fornmed into digital

I nformati on. Next, an "lInk Separation Process 23 is used to convert the
red, green, blue and IR i mages captured by the four channel sensor 21 into
four separated cyan, nagenta, yellow and bl ack ink inages, which represent
the amount of corresponding ink presented on the live copy. The "Ink
Separation Precess" 23 may utilize mat hemat-i £1 Fornul as, data | ook up tables
or other suitable neans to perform - I1 = the data conversion task. The
simlar processes are also ,applied to the reference copy. First, the four

channel sen§Bf 93t SCRR¥RFR O c&ABre the red, .green, blue and IR i mages
fromthe refer ENffe iR rngggféggs 4x§é< tﬂ%%(%iraghkggd P{g qt%ses" ,e?%r'?gg?te{gééf-e d

to obtain the cyan, magenta, ow an I mages,

the amount pirge[r e8RORURY dhakinB1C SN U1 118 (BEET RBCaphRYe f&é@é\@;
the ink images of the production copy are conpared with the ink inmages o

t he referengeeenp\blne 2hd IRNmages FRomothetmsterteneeyaoppt | Wheal, ithlé *Ink

distribution for each of the cyan,.nageptpu%¥ellow1anp bl ack inks. The
det ermi ned SPPREREIRRESPTICESAS RItdg bilkibiged ¢t et pin celie celvay, thagenta,
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As shown, the ink images of the production copy are compared
with the ink images of the referénce copy by the computer 30 to
detect the variation of ink distribution for each of the cyan,
magenta, yellow and black inks.

The determined differences in ink distribution are then
processed by the computer 30 in order to obtain an indication for
controlling the keyé'or other devices of the press 11 in an ink
control process, and thus provide an indication of an ink
adjustment to ghe press to obtain further copies which will have a
closer match to the reférence copy. The indication of ink changes
may be automatically supplied to the press 11, or the operator may
utilize the indications of ink color attributes to set the press
11, such as adjustments to ink iﬁpuf rate by using the keys.

In the past, four process'inks (cyan, magenta, yellow, and
black) have been used on a printing press to produce copies with a
gémut of colors. In these systems, the black ink has been used to

generate not only the text but also the color image. In a control

by image system, the print image"of a production copy is compared



closér match to the reference copy. The indication of ink changes may be
automatically supplied to the press 11, or the -operator may utilize the

i ndi cations of .ink color attributes to set the press 11, such as
adjustnments to ink input rate by using the keys. In the past, four process
i nks (cyan, magenta, yellow, and bl ack) have been used on a printing press
to produce copies with a ganut of colors. In,;phese systens, the black ink
has been used to generate not only the text but also the color image. In a
control by inmage system the print inmage-of a production copy is_conpared
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sensor 21 is utilized to sense not only attribdtes in three channels of th

Vi si bl e regirytesishblhokr hide ntae 6bmbisatbow @t 2yangnmagentaatdnd ysld own

the infrared region in order to determ ne the correct anount of inks,

i ncl udi ng binksk iork, whethegr rthet blackpiodues tald myasf, mEgenka,ntEndy yeldow
control systemuses the four channel detector or sensor 21 to detect the
ener gy ref liddSe®bordth RepaPdvsteiface, such as the sheets 14 and 38, or th

paper web of th%ﬂg%¥§igjthggﬁglté%ﬁ?%fhéfnigsJ%?f%léd1to sense not only
. attributes in three channels of the visible region, the fourth
channel of the sensor 21 senses an attribute in the infrared region
in order to dete;miné the correct amount of inks, including black
.ink, to correctly reproduce the proof. The printing press control
system uses the four channel detector or sensor 21 to detect the
energy reflected from a paper surface, such as the sheets 14 and
38, or the paper web of the pfess 11, with three channels being in
the visible region and one channel being in the infrared regibn of
the electfomagnetic spectrum. The control system 10 has a device
23 for converting the output of th; sensing device 21 to . a set of
variables which represent the amount of. ink presented on the paper
-for any'of the cyan, magenta, yellow, and black inks, and a device
25 responsive to the converting device 23'for adjusting the four-
color printing press 11 to maintain the color consistency.

In a preferred form, the bandwidth of the infrared channel may

be between 800 nm and 1100 nm, which is a portion of the near

infrared region, and which is compatible with a regular silicon

e

e

e



the visible region and one channel being in the infrared region of the

el ectromagneti c spectrum. The control system 10 has a device 23 for
converting the output of the sensing device 21 to a set of variables which
represent the amount of.ink presented on the paper for any of the cyan,
magenta, yellow, and black inks, and a device 25 responsive to the
converting device 23 for adjusting the four- color printing press 11 to
mai ntain the col or consistency. In a prefertréd <form the bandwi dth of the
infrared channel may be between 800 nm and 1100 nm which is a portion of

the near infrared region, and which is conpatjble wth r | ar siljcon.
13- det ect BFEeCH O dHANGRSER] HEF ARG R IPRSER 16 fthe, SRERAERANFRATIRY
be | onger t | e three gdi st . utf L [
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channel in the visible region may be | ess than nm nore than 100 nm or
any val ue iandebleen,(RGR); ctrmancgéas, hmagegta, mand pyrelbmak (CMY)}{ S orassther
band, such as nagenta, being also included. The sensor device 21 may be
const r uct ed®9¥FR ei Ther bandvidih of) eashichannal dn theoniks ikl ¥eigdna may be
detector, . or pther suitablge
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magenta, being also included.

The sensor device 21 may be constructed from either a single
element detector, a one-dimensional (linear) detector, a two-
dimensional (area) détector, or other suitable detector structﬁre,
as will be seen below. The sensor device may be constructed by
adding an additional infrared channel to existing devices, adding
an infrared channel ﬁo a RGB color camera or a densitometer, or by
extending the working band into the infrared region, e.g., adding
infrared capability to a spectrophotometer. The light source 18
and 20 used provides sufficient radiated energy in both the visible
region and the infrared region, depending upon the sensor working
band and sensitivity. .

All possible values which are output from the sensor device 21
may be used to form a vector space. For example, all poésible
values output from the s;nsor device 21 with red, green, blue and
infrared channels form a four dimensional vector space R-G-B-IR,
with the veéctor space being termed a sensor space S;, with each

output from the sensor device 21 being termed a vector in the




extehdingithe wor ki ng. band into the infrared region, e.g., adding infrared
capability to a spectrophotoneter. The light source 18 and 20 used provides
sufficient radiated energy in both the visible region and the infrared

regi on, dependi ng upon the sensor working band and sensitivity.. Al
possi bl e val ues which are output fromthe sensor device 21 nmay be used to
forma vector space. For exanple, all possibhge -val ues output fromthe
sensor device 21 with red, green, blue and infrared channels forma four

di nensi onal vector space RRGB-1IR, with the vector space being terned a

Sensor spacgemid¥ 'dpac kl), GFtth U WininA ARRLEL BHOdiGRYEE8nd lrEQhifed by
termed a vector in'the - 14 - sensor space S[err], with the m ni num
nunber of dtlensémsor retpuctatebpeting dens@husy r ast shewheimgFIG. 9 Thaissetass,
shown in FI-G 9, a set S[err] of elenents e[err] and e[err] being given,
with the elefreplements rd,,0Andhe;sdeigjegiveani wjithhshecelongntseer] of the
correspondin t_-to the output fromthe sensor devi (ie 21 of, sensi
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device 21 sensing a referénce pri n-accor dance W

invention, ame RitRtedel AGMeaRsA quowfctﬁw Qétcsirgainﬁo&\heff&yeé&rs Vi2
conpared with the printed inmage on™a reference copy in the sensor space,
and if the cofrfespomciingettoedihe lmtipute firwmpy theC densofr sevicee 2lefsemaing a
copy'R;C.[err! is wthin a predefined tolerance |evel delta, at |east for
all the ché zenge PRANEPRY| GPRY r eJRoACEPTEARCE Shktd}y t8B pEesent invention,

the printed image on a production or current copy may be compared
with the printed image on a reference copy in the sensor space, and
if the.difference between the live copy L.C.; and the referencé
copy ﬁ.c.s is within a predefined tolerance level delta, at least
for all the channels in the visible region of the sensor space,
such that, [ L.C., - R.C.; ] < delta, the production or current
copy is said to be acceptable by definition. _

A set éf vafiables may be defined to represent the aﬁount of
ink presented in a given area. For example, a set of variabies‘c,
M, Y, and K can be defined to represent or be a function of the
amount of cyan, magenta, yellow, and black ink in a given area.
This set of variables may cbrrespond to the ink volume, average ink
f£film thickness, dot size, or other quantities related to the amount
of ink in a given area on the paper surface. The vector space
formed by this set of variables is termed an ink space S,, with the
ink space S2 having a dimension of 4 for a foﬁr color printing

press 11. Thus, with reference to FIG. 9, a set S, of elements d,,



such't hat | [ L.C[err] - RC.[err] ] < delta, the production or current
-copy is said to be acceptable by definition. A set of variables may be
defined to represent the anount of ink presented in a given area. For
exanple, a set of variables C, M Y, and K can be defined to represent or
be a function of the amobunt of cyan, magenta, yellow, and black ink in a
given area. This set of variables nmay corresgord to the ink volune, average
ink filmthickness, dot size, or other quantities related to the anount of

ok Tn @ g ven i8RaPReblgn0RRRCA 358 or U USH! QaaRBohRa CHOYLA SIS

set of variables'is ?erne space er 'k Space

having a dij QR PhedidiO’s cfeoﬂ{. ﬂﬁisoﬁ:-eﬁi-égéhﬂﬂ S £¥brehbESof WHd ink
reference to G 9, a set S[err]“of elenents d[err] - 15 - The

di f f erence digited®duttiba poodeadh of th@gyaw)dnagentef arellow, andebldck Hakisnk -
space S2 thus represents the difference of the ink distribution for each of
the cyan, mRyshewn {®|Flfy ldnd Bredldififexrencasbetwaen itherlivejand Meference

difference between the |jve and reference inages in the | nk space S2
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i nk consistency in flexographic or gravure presses, water input rate in
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di fferences between the production and_the reference imge in -
as ink input rate in lithographic or letterpresses, ink consistency

in flexographic or gravure presses, water input rate in
lithographic presses; or temperature in any of the above, based on
the differences between the production and the reference image in
the ink space S,. |

In accordance with the present invention, the press
adjustments can be achieved by the automatic control system 10, by
press operator alone, or by the interaction between the automatic
control system 10 and the press operator. Also, the sensor device
21 may be used to monitor the printing web 6f the press 11
directly, i.e., on press sensing, or to monitor the prints
.collected from the folder of the press, i.e., off press sensing.
If the digital images from thé color separation processing, or the
film/plate images are available, the image of the reference copy in
the sensor device 21 can be generated electronically by the forward

transfer function phi. The electronically generated reference may

be used to set ﬁp the press 11 in order to reduce the make ready
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the ink space S[err]. In accordance with the present invention, the press
adj ust nents can be achieved by the automatic control system 10, by press
operator alone, or by .the interaction between the automatic control system
10 and the press operator. Al so, the sensor device 21 may be used to
nonitor the printing web of the press 11 directly, 1i.e., on press
sensing, or to nonitor the prints collected fromthe folder of the press,
i.e., off press sensing. If the digital [nﬁg@%‘fron1the col or separation
processing, or the filnm plate inages are avail able, the inmage of the
reference qa@me.i n the sensor device 21 can be generated el ectronically by
the forward transfer function phi. The electronically generated reference
may be used to s&heupolbr pemsxiuttion gnadtityocamche matihtainkd theolygh the
16 - tinme. The color reproduction quality can. be maintained through the
entire prefntiye PRe88 g f f EREGUSDr differientonPuess o RS p%sscgsf,fqyerm
different tines. Thus, a,closed .|l oop auto I c color, reproductian .
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'sensor 22 may be associated with a rotating filter menber 52 having filters
whi ch onl y duh#tsipriess parameters can be compensated such that the printed
- 'copies have the highest possible overall resuits in matching the
reference copy. _

As shown in FIG. 4, the camera or sensor 22 may be associated
with a rotatihg'filter'member 52 having filters which only transmit
the desired colors F;, F,, and F3, such as red, green, and blue
during rotation, such that the camera or sensor 22 senses and
records the colors F,, F,, and F;, sequentially or separately from
the printed material which may be_taken either from the current
press run or from the reference press run. In addition, the filter
member 52 may have an infrared (IR)'filter F4 in order to senée and
record the energy r-eflected form the printed materiai in the
infrared region. The information received by the camera or sensor
22 from the filters may be recorded in the cémputer or CPU for use
in forming the desired data fo control the inks, as previously
discussed. ‘ .

In another form as shown in FIG. 5, the camera or sensor 22
may comprise a charge coupled device (CCD) ﬁith built in filters

which converts light energy reflected from the printed material
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the desired colors F[err], F[err], and Flerr], such as red, green, and bl ue
during rotation, such that the canera or sensor 22 senses and records the
colors Flerr], F[err], and F[err], sequentially or separately fromthe
printed material which may be taken either fromthe current press run or
fromthe reference press run. In addition, the filter nenber 52 may have an
infrared (IR) filter F4 in order to sense and record the energy reflected
formthe printed material in the infrared regi’on. The information recéived
by the canera or sensor 22 fromthe filters may be recorded in the conputer

CPU f f the d d data t trol t
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Flerr], (IR), such as the distinct colors red, green, and blue in the
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order to sugg ¥ t he |nfornathn to the computer 30 for storage and
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reflected fromthe printed material into an infrared beam for

numerals designate like parts. 1In this embodiment, the camera or

sensor 22 has a beam splitter in order to separate the incoming
light reflected from the printed material into an infrared beam for
a first CCD 1, F; such as red for a second CCD 2, F, such as green
for a third CCD 3, and F, such ‘as blue for a fourth CCD. 1In this
embodiment, suitable prisms, lenses, or mirrors may be utilized to"
accomplish the beam splitting of light in order to obtain the
desired color attributes in the various charge coupled devices to
supply the information to the computer 30 for storage and
processing in the computer 30, in a manner as previously described.
Of course, ahy other suitable camera or sensing device may be
utilized to obtain the desired colors.

. Thus, a control system 10 for a printing press 11 is provided
which ascertains three distinct attributes, such as colors, in the
visible region of electromagnetic waves and an attribute in the
infrared region of the electromagnetic'spectrum'for the printed
inks. The control system 10 utilizes these four attributes in a

four channel‘device to indicate and control the ink colors for use
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a first CCD 1, F[err] such as red for a second CCD 2, F2 such as green for
athird CCD 3, and F[err] such as blue for a fourth CCD. In this
enbodi nent .- suitable prisns, |lenses, or mrrors may be utilized to
acconplish the beamsplitting of light in order to obtain the desired col or
attributes in the various charge coupl ed devices to supply the information
to the conmputer 30 for storage and processifiggis-h the conmputer 30, in a
manner as previously described. O course; any other suitable canera or
sensing device may be utilized to obtain the desired colors. Thus, a
control systi@amthe pvesa ptinting press 11 is provided which ascertains
three distinct attributes, such as colors, in the visible region of
el ectronagneti c %8s %Rh8 SAlers rrayitkei enped; fre@radshegtofakent during a

el ectromagnetic spectrumfor th grinted | nks.. The gontrol_ system 10
utilizes thé:_élé'rPBgr pﬁ???i‘fﬁﬁ’e?"gn ﬁmf‘oﬁrﬂﬁéhﬁéi e&eé]‘fén?c?i SEANE SRy ess
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sensed from a $heet taken during a current press run, an oma s
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press run. In this manner, a consistent quality of colors may be maintained
by the prinEfnghps Ranner, preegriatopt grathtyefivalors peydemaintaiged by
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reference run has been made, and may be continuously used during a
press run if desired.

A camera based color sensing. device for a printing press
control system usually comprises bf a set of lamp fixtures and a
camera assembly. in order to accurately control:the printing
process, this color sensing device should provide a position-
invariant and time-invariant measurement.

However, many factors will effect the 'éonsistencf and
repeatability of the system. The lens has an uneven liéht
transmittance from the center to the border. The amount of ligh%
produced by the lamp fixtures varies from time to time. The
sensitivity of the image sensor may also drift dué.té temperature
variation and ﬁging. Device and calibration procedures are needed
to provide a standard vieQing condition for this camera based color
sensing system. |

As shown in Fig. 12, a four channel camera assembly 108 is

used for capturing images. However, an integrated four channel



A canera based col or sensing device for a printing press control system
usual |y conprises of a set of lanp fixtures and a canera assenbly. I n
order to dccurately control the printing process, this color sensing device
shoul d provide a position- invariant and tinme-invariant nmeasurenent.

However,

many factors wll effect the con5|stency and repeatability

of the system The | ens has an uneven Ilght ttansmttance fromthe center
to the border. The amount of |ight produced by the |anp fixtures varies

fromtine t&ﬁéﬂe

totamaaUMevwl [on an
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~ sensing system As shown in Fig. 12, a four channel canera assenbly 108 is

used for comprdanh ishegasin Fbwev%rprmdea &y rconyegnient Uhnnhelreconstl:s:ct
canmera, such that shown in_Fig. 5 or 6, has not yet becone commerci al
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from 400 nmto about 1000 nm This is about tw ce the range of

.image sensor. The working wavelength range of this camera assembly

is from 400 nm to about 1000.nm. This is about twice the range of
the visible light spectrum. Like any other optical components, the
light transmitting characteristics of the lens is wavelength
related. A special lighting.arrangement is often needed to ensure

that a standard viewing condition can be established for each of

_these four camera channels, even if two cameras and two lenses are

used. This standard viewing condition is also needed to maintain
measurement consistency Detween two different color sensing
systems. | '

As shown in Figs. 12 and 13, the preferred light source
comprises a first and second groups of lamps 100 and 102,
respectively, to provide light in both the visible region (400-700
nm) and the near infrared region (700-1000 nm). At least one of
the two groups of-lampé 100 or 102 operates only in a single
region, either the visible or the near infrared regiqn, but not in

both. For example, the first group of lamps has an output in both

‘the visible and infrared regions. This covers the entire 400-1000



the visibie light spectrum Like any other optical conponents, the light
transmtting characteristics of the lens is wavelength rel ated. A special

i ghting arrangenent is often needed to ensure that a standard view ng
condition can be established for each of these four canmera channels, even
If two caneras and two | enses are used. This standard viewing condition is
al so needed to mai ntai n nmeasur enent consisxeﬁ@y'betmeen two different col or
sensing systenms. As shown in Figs. 12 and 13, the preferred |light source

conprises anppi gpbctiimsSCCPNE HdSBHE droup? EES 1bRipsand218ds Baspaeputeliy, the
provide light in both the visible region (400-700 nn) and the near infrared
regi on (700inBPared)rediod g00-10800hm) henlywo groups of |anps 100 or 102
operates only in a single region, either the visible or the near infrared
regi on, but not AnhadpgenFdampxah|Bich hénf ienergyr dup ©he | dapireds44A-1000
output in both the visible and infraregd regions. This cqvers the entire
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undesirabl e energy output in wavel engths I'onger than 1000 nm Al anp :
sol d by Cenbyatefkeral (BElectirtie ai€hnstiCorst@mtoColozt Cogtimg dis @megampbé ofie
such | anp. _one such lamp. '

As shown in Fig. 14, energy output can be constrained to the
desired spectral region by using optical filters. A tempered color
temperature compensation filter, such as a SCHOTT FG3 filter with
a prdper thickness is used in front of the first lamp group 100 to
provide a standard D50 light source with energy extended into the
near infrared region. Lamps in the second group 102 can be fitted
with a tempered filter, such as a SCHOTT LP78 filter, to block
visible light while passing infrared light longer than 780 nm. In
order to reduce the ripple combonent in the light output, a DC
power supply can be used to drive these halogen lamps. '

Other light sources, such as Xenon lamps, can be used, as long
as they provide enough energy in both the visible and near infrared
regions. It is not necessary that the size of the lamp be small.
Lamps with large physicél dimensions can also be used. Linear
lamps would be an example of the device where light output is

present over a large areé.

As shown in Figs. 12 and 12a, a calibration target 106 with a
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so as to have a flat spectral curve from 400-1000 nm. The gloss of
this target ié similar to that of a blank sheet of paper used to
print a reference or production copy.

As shown in Figs. 12 and 12a, the calibration target 106 is
positioned in the field of view 104 of a four channel camera 108 so
that the target surface is near perpendicular to the optical axis
of the camera 108. The light.source is mounted 45 degrees with
respect to the camera optical axis to reduce the direct reflection
from the target.. All remaining surfaces outside the viewihé are

painted black with a mat finish.

A display lookup table is created to cause certain pixel

values to become more prominent as viewed on a color monitor. This

allows the operator to distinguish small changes in camera values
so that the lamps can be adjusted to cause the light over that
target surface to appear more uniform. . Using the above viewing
method with a lookup table, the first group .of lamps 100 is

adjusted to minimize the unevenness in the green image. This can

aa&gﬁteg%esau a;te'ga?ge%ﬁ gg@%@%&.—h&eﬁtmﬁ 384 Fodn p?e%aﬁt Céazlaggraatkﬁggot '



targét can be made with various paints and surface nodifying agents so as
to have a flat spectral curve from 400-1000 nm The gloss of this target is
simlar to that of a blank sheet of paper used to print a reference or
production copy. As shown in Figs. 12 and 12a, the calibration target 106
is positioned in the field of view 104 of_gz%qyr channel canera 108 so that
the target surface is near perpendicular to“The optical axis of the canera
108. The light source is mounted 45 degrees with respect to the canera

optical axi o requce the direct, reflection fromthe target. Al ., .
P s i ngbeurdeRes B : BPABELRE Ky haneme had nidi B Aikfetent masitian,

A di splay_loqgkup.table,is_cr tQeC e rtai.n pixel .val ues _tao.hecane
P2 o BSHRLL BB £ale rRESILESE! 87CRHEC SRERRLE BLX Gl Ll QAT
di sti Ul gHeSTRLheCHRRERILLEI SATBACL AL 1P AW ddkh | HhdiEial or
adjusted to cauSe the 1 ght over  that target surface to appear nore

uni form nbateglt densboyefiieatdy Mileh@devehReds! 2okeReskéd cin tiife frddtand
group of lanps 100 is adjusted to m ninm ze the unevenness in the green

i mage. Thbdueadmages.2? If helobighty qistriburidie pattpernd Oint the dietdl aneht
position, readjusting the reflector of the |lanps if it exists, or_ altering.
the | i ght PAREt iMAGESo ATt FRpFtantiatly different  shanndbat oin obhge@resn

el g cH YR €IS Bl R LA el b i o
substanti ghby1d! bbeehBbkbBaAnbN3brbBctS 9ECRBcessary. While keeping the
| first group of lamps 100 unchanged, the second group of lamps 102
is adjusted so that the unevenness of the infrared image is also
minim;zed. Statistics fdr each image, like standard deviation and

average value, can be used to assist this operation.

Multiple images are captured from ﬁhe calibration target 106
under this lighting condition. The images are averaged to remove:
iﬁdividual pixel noise. A neighborhood averaging technique may be
used to remove any high spatial frequency noise. The highést pixel
value is found within each averaged image. - An intermediate-imége
is created by dividing this value by each of the pixel values ih
the averaged image. rEach pixel in the intermediate image is theﬁ
mnitiplied.by a constant gain factor, e.g., 128 for an 8-bit image.
This will create a liéht.compensation image for each of the four
channels. '

The compensation process can be started by multiplying an
image of interest with the light compensation image. The result of

this multiplication is then divided by the constant gain factor.



inagé, t he spectral output of the individual |anps and filters should be
checked and corrected if necessary. Wile keeping the first group of |anps
100 unchanged, the second group of |anps 102 is adjusted so that the
unevenness of the infrared image is al'so mninized. Statistics for each

i mge, |ike standard devi ati on and average val ue, can be used to assi st
this operation. Miultiple inmages are captured fromthe calibration target
106 under this lighting condition. The i mage®™ are averaged to renpve

i ndi vi dual pixel noise. A neighborhood averagi ng techni que may be used to

renmove any_hj spat. req Y Qi S8&. | ghegt .pixel .val ue s found
W thin eacﬁnda\%g‘(zagaert(f %&' ldﬁ%%l n%eer medi zft-gé%l ?égeg?stgreegtegdgﬁysa:i\égd?ﬁa
this val uedyesiarivol tofrdipdildiny US the! RFarid1aac tadsBedated=auteip! ¥Rb
in the interned ate ﬁnage Is then multiplied by a constant gain factor,

e.g., 128 gmyduutibrdi bri eageenthicopy | incrhet cink | spiiée cSypeada i with NBHE .
for each of the four channels. The conpensati on process can be started by
nul ti plyi relementsagh0Pfi Gher est §jtheimg thehvectomerspt conriespgedingheo
result of this nultiplication is then divided by the constant gain factor.
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the vectors v[err] corresponding to the variables associated wth the .
producticn?&ﬂ current copy in the ink space S[err], and with the el enents

dierr] of the sateyS f_re]reh‘éienﬂotffsyeﬂ Oéﬁeyéfs‘éﬁmfé)_rite%‘a'%@i Bde! rhHSter

vari abl es associated with the reference copy in the ink space
: function or transformation phi which can map the elements d;, and-

d,, of the set S, or the four dimensional ink space, into the
elements e;; and e;; of the set s, or the four dimensional sensor
space, with the transfprmation phi being termed a forward transfer
function, as shown in FIGS. 9 aﬁd 10. It is noted that the subsets
in each set S; and S, may overlap or may be fhe same.

The forward transfer function may be used in a soft proof
system which can generate a proof imag§ which can be s;ored in the
system as a reference of can be displayed on a CRT screen. . .

With further reference to FIG. 9, there exists at least one
transfer function or reverse transformation phi~! which can map th;
elements e;; and e;, of the-get si of the four dimension&l sensor
space into the elements of d,, and d;; of the set S; of the four
dimensional ink space, with the transfer function being termed a
reverse transfer functioﬁ. Thus, both the production iﬁage and the .
reference image in the'senSO: space or set S; can be mapped into
the ink space or set S, by applying the reverse transfer function

phi~! point by point as shown in FIGS. 9 and 10.



Wth reference to FIG 9, there exists at |least one transfer function or
transformati on phi which can nmap the elenents d[err] and d[err] of the set
S[err] or the four dinmensional ink space, into the elenents e[err] and
e[err] of the set s[err] or the four dinensional sensor space, with the
transformation phi being terned a forward transfer function, as shown in
FIGS. 9 and 10. It is noted that the subsegi?ln each set S[err] and S[err]
may overl'ap or may be the sane. The forward %transfer function may be used
i.n a soft proof system which can generate a proof inmge which can be stored

n the syshedn Birgoké! BEenan P ogéthbiod! 28! WP drbe KREe2CHAes\ i the

further reference to FIG 9, there exists at | east one transfer function or

reverse trdaxi{ey Eriday tohia] evel Wiedl Ctd thysd Mam ehenbpighekstr Araad The
e[err] of the set S[err] of the four dinmensional sensor space into the

el enment s ofesiildring dmigH eoriresponde tot tBpeimpgef of hintenestli asnif oital hadk
space, with the transfer function being terned a reverse transfer function.
Thus, bot Paefk Hexed unser; dayaifeam: Aaghss epadétirRnge in the sensor space
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can be achi eveqpplyi®ifthBlabove position related compensation process to an
image captured from the calibration target 106 will cause the
resultant image to become uﬁiform. When this compensation process
is applied to any other captured image, it provides pixel values
for the image as if the target was illuminated by a perceived
uniform lighting conditipn.. This implies that as the target is
moved within the field of wview, image features will maintain
consistent pixel values. Thus, this position related compensation
provides a position-invariant viewing coﬁdition to this. color
sensing system. . -
In order to reduce the variation caused by the drifting of tﬁe
lamp and electronics, a gray scale calibration target can be ueed.
As shown in Fig. 15, a gray scale calibration target 110 consists
"of 12 steps, each w:.th different darkness. The darkest and
lightest steps should represent the highest density encountered
during the printing process and the whitest paper used,
respectively. The number of steps included in this gray scale is

_based on the accuracy required. Norfnally, 10 through 30 steps



t he bixel values in the brightest areas to a level equal to those in the
dar kest areas. Applying the above position rel ated conpensation process to
an imge captured fromthe calibration target 106 will cause the resultant
i mage to beconme uniform When this conpensation process is applied to any
ot her captured inmage, it provides pixel values for the inage as if the

target was illum nated by a perceived unifopspdighting condition. This
inplies that as the target is noved within the field of view inage
features will maintain consistent pixel values. Thus, this position rel ated

conpensat isdeuddobedestfiobant i oFhenpatenial wasd t@ makei thip %arqet showle:

sensi ng system IH or der Eo educe the variation caused by the drifting of
the |anp ecpe £l aln FREC aérﬁﬁrgﬁale calibration target can be used. As

h [ Fi g. \ i . | i 2 ,
show 11, F9;  Beset EAYCO Ceith AU 9eL-ddP GATRLS hadULER°
represent .4 Jik@heal £¢3mSeahe3eepdNboesd tid Wade1lBfgkhl PRhEE Bremcided

t he whitest paper used, respectlvePy. The nunber of Steps included in this

gray scal @hrpugasadoon nrle AMEN AL cuddte’ the avitagRld Fefl@ctaneedkizBin
st eps - 25 - should be sufficient. The material used to nmake this target

shoul d hatheabhhdwidphcofakachr camerd tchamehtfow) ddels sheg. - step target, _

measure the light reflectance fromeach step over the wavel ength range from

400 nm The next thing to do is to determine a desired camera value
-for the lightest step. This value should be chosen high enough to
provide a wide dynamic range, but be low enough to prevenf camera
saturation under typical viewing conditions. Normally, the sensing
device has a known relation between thé light input and the signal
output, such.as a linear or a logarithm relétion. Thus, desired
camera values for other steps can be calculated - accordingly.
Representative data showing averaged reflectance and desired camera
values of a 12 step target-are provided in Table 1.

During the system setup; adjust iris or camera-gains sg'that
the camera value obtained from the lightest step is as close to its
desired value as possible. Lock the iris or camera gain settings
to prevent any possible changes.

The following paragraphs show a compensation procedure
utilizing this multifséep target to eliminate any effect caused by
component drifting. I

Capture an image from this gray scale target. To reduce any

stray light, a black background should be used behind the gray

target. Apply the position related compensatibn to this image.



t hrough 1000 nm Then cal cul ate the averaged reflectance within the
bandwi dt h of each canera channel for each step. The next thing to do is to
determ ne a desired canmera value for the |lightest step.. This val ue should
be chosen high enough to provide a wi de dynam c range, but be | ow enough to
prevent canera saturation under typical viewi ng conditions. Normally, the
sensi ng device has a known rel ation between 26he |ight input and the signal
out put, such as a linear or a logarithmrelation. Thus, desired canera

val ues for other steps can be cal cul ated accordingly. Representative data
showi ng aQbt@jiad qamexa temkiesrfpriceachedchannel gadueschf siep2 ast @hawar diat

are provided in Table 1. ripng the systemsetup, adjust iris or canera

gai ns so tIgRl% nke caﬁBFat%ﬁ Lfgesb‘tﬁeﬁ rf}e/ﬂ“qq%rﬂﬁ%el padt £8e Jeasured; canera
to its degj val u ssa il e ck_ the_irli [ ,camera gai tt to
prevent a?%/glglgess%lg g%aa%gie:%o@_rheeaa?pﬁ%ﬁ?ﬁgcéépgﬁ}aph s%ﬁﬁqug of ‘blue

conpensat i ciannd10GREY Cid!ldhdwd Noh [FEE, MYEL T - BhGR WAk a1Ae ! ddBrttentdNh

ef fect caused by conmponent drifting. Capture an 1mage fromthis gray scale
target. Tooiartucinathestgrapt | ght FI8.blpek backgappifigsikan dbéecreatdeqeyd
the gray target. Apply the position related conpensation to this imge.

- 26 - Onteannesting, thgsecpoints con lthehgnagh.and thih dotpedsstafmight iine

Table 1. _Put the,desired canera value and the neasured canera value in a
graph for ia@ts0aABrivaadniR Figad e tensheworhp| Lénear relationship. This

-mapping can be easily impleﬁented by a data lookup table. Mappings
for other channels can be generated in a similar way.

The above procedure should be performed periodically to
compensate any possible component drifts. Thus, this camera value
related compensation provides a time-invariant viewing condition
and greatly improves the system repeatability.

By applying the position related compensation and then the
camera value related compensation, a standard viewing condition can
be established. The position-invariant and time-invariant
requiremeﬁts are satisfied. | o

Thus, in accordance with the present invention a standard
viewing'condition is provided for the camera based color sensing
system to provide. improved results in the control system of the
printing press. -

The forgoing'detailed.description has been given for clearness
of understanding only, and no unnecessary limitations should be
understood therefore, as modifications will be obvious to those

skilled in the art.



channel data is showmn in FIG 16. Each data value represents a point in
the graph in FIG 16. A mappi ng can be created by connecting these points
on the graph. Athin dotted straight line is also included in Fig. 16 to
show the linear relationship. This mapping can-be easily inplenmented by a
data | ookup table. Mppings for other channels can be generated in a
simlar way. The above procedure shoul d be perphprared periodically to
conpensat e any possi bl e conmponent drifts.  Thus, this camera val ue rel ated
conpensation provides a tinme-invariant view ng condition and greatly

| nproves the systemrepeatability. By applying the position rel ated
conpensation and then the canera val ue rel ated conpensation, a standard
vi ewi ng condition can be " established. The position-invariant and

time-invari ght—h u'é%d‘: essRitEyEyed. Thus, in accordance with the
present i nvgnt QWP é%wg- c&ndition I's provided for the canera
based col or |ggES$I hgfsysiemt rcvidT fmproved results in the contro
syst em of tk%o [ niine bress g flodgdi ng detail ed description has been
gi ven for clj»qi8:R|B1BIHIS RIENZI¥h y, and no unnecessary limtations
shoul d be urﬁlm?‘p‘ﬂi" METETbrie,}] ds |mpdi{fi cations will be obvious to those
skilled in f@%arf. L b7l -] [lerr]
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- 28 - Wiat is clained is: 1. A col or sensing device for a printing press
control system conprising: a plurality of lanp fixtures for providing
light in.-the visible region and the near infrared region of the spectrum
toillumnate a viewng area; a canera assenbly, said canera assenbly
conprising multiple channels to capture imges in the visible region and
the near infrared region, and at |east one-l28ns for generating said imges;
a calibration target with a uniformlight reflectance; means for -adjusting
the distribution of said light so that inmage captured fromsaid calibration
target in @aRh khahedmest i85 d canera assenbly is as even as possible;

means for applyj position rel.ated, canpen er

bt ai n an | magel whi oh COLPESBERTAAE, SEHOR { FOR. (i aF FIERTY, ByBRE " edrtrol
condi tion; lying a camera val ue rel ated conpensation
process ins€€%%€E &%ﬁhlgﬁgn I mmge under to a standard view ng condition.
2. The devi Cea n%lﬁkéﬂ.'ﬂ:ﬂ* ‘Uprféxﬂpsg'ﬁtthi'% ffod Upgoviainges ighti r 54 ame a

second set of he device of claim2 wherein at | east one of
said fi rStvﬂ@EbE@C?QQJ.é@t afl thepaeageriaifrared anégiameospeher spectgmn to

selected fromthe visible and infrared regions.
illuminate a viewing area;

a camera assembly, said camera assembly comprising multiple
‘channels to capture.images in the visible region and the near
infrared régién, ahd at least qne'lens for generating said images;

a calibration target with a uniform light reflectance;

means for adjusting the distribution of said light so that
image captured from said calibration target in each channel of said-
camera assembly is as eveﬁ as possible;

means for applying a position related compensation process in
order to oﬁtain an image which corresponds to a position-invariant
viewing condition; and

means for-applying a camera value related compensation pi:'océss
in order to obtain an image under to a standard viewing condition’

2. The device of cl&im 1 wherein said lamp fixture includes
a first and a second set of laﬁps. |

3. The device of claim 2 wherein at least one of said first

and second set of 'lampé operates in only one spectrum regidn

selected from the visible and infrared regions.

R



- 29 - 4. The device of claim2 wherein each set of said | anps further

I ncl udes neans for filtering light produced by said | anps. 5. The devi ce
of claiml wherein said canera assenbly has four separate channels. 6.

The device of claim5 wherein said four separate channels are red, green,
bl ue and near infrared channels. 7. The device of claim6 wherein said
red, green, blue and near infrared channel s- @9e- constructed by using an
.integrated 4- channel canmera with one | ens attached. 8. The devi ce of

claim6 wherein said red, green, blue and near infrargg.chann | s %ég
constructed by fisi ngThecoeBiceapsr £1a4m 2 WHRFSbrRRCLNERYE, oL, i8pic, Lmps

i di i d d d.b i h
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caneras having ﬁél engpat 486168 of claihel GeYd £ f s £ R damerrd) & £ SARL hadf

é
said multiple channels of said camera assenbly conpri ses a Change Coupl ed

Devi ce inaggugegﬁgaraﬁa.cﬂ&mndnyjce of claim1 wherein the optical axis. of
said canmera assenbly is approxi mately perpendicular to the surface of said
view ng area. 16. Ththealewiceobictlaim b wherein said floughseparahetchangelan

said lanmp fixture approximately 45 degrees with res eci to the optical axis
of said caREear8dzecgHegn, blue’and near infrared channels :

7. The device of claim 6 wherein said red, green, blue and
-near infrared channels are constructed by using an integrated 4-
channel camera with one lens attached.

| 8. = The device of claim 6 wherein said red, green, blue and
near infrared channels are constructed by using a color camera and
a monochrome camera, said color camera proéiding said red, green
and blue channels, said monochrome camera providing said near
infrared channel, each of said color and monochrome cameras having
a lens attached. .

9. The device of claim 1 wherein each of said multiple
channels of said camera assembly comprises a Change Coupled Device
image sensor.

10. The device of claim 1 wherein the optical axis of said
camera assembly is approximately perpendicular ;o the surface of
said viewing area. .

11. The device of élaim 1 wherein said light is emitted from

said lamp fixture approximately 45 degrees with respect to the

'optical axis of said camera, assembly. .

*'-C. L | *



-30- 12. The device of claim1 wherein said calibration target conprises a
bl ank sheet of paper. 13. The device of claiml wherein said calibration
target has a painted working surface which resenbles the gl ossi ness and

| i ght ness of a bl ank sheet of paper. 14. The device of claim 1l wherein said
calibration target has a substantially flat spectral reflectance curve at

| east in a wavel ength range from 400 nmto-1300® nm 15. The device of claim
1 wherein said adjusting nmeans conprises rreans for altering the °

The devi ce of cParm TaeReYERn” ok LR, ¥ i 18 ot O EE Beddt
froma gro%@&@g%sgpgég?m%r@%awt ral filter or other nmeans for

reduci ng the un t fal'li'ng ‘onto a sel ected portion of said

viewi ng area. 173.ThehdaldwicerbfCéPaimll Wherein said culibxidtibnakget has
conprises neans for altering the spectral content of said light in a

sel ect ed partpaintéd swotkingwisurfacea. wiBch Tesebliese tie clgliomsinelsar cand
said viewing area is a rectangul ar shape. 19. The device of claim 18
wher ei n saildghépessi a§ ackdank Fhrets@ef PaPer-for provi ding a higher

(L) nadon of 1321 Saka Skete 5800 Ol USRI R FUAIE AL AL LS, e
rate through @ 0ardfss 199 ¥id¥ §5i&etif'Sreflectance curve at least in a
. wavelength range from 400 am to 1000 nm. '

15. The device of claim 1 wherein said adjusting means
comprises means for altering the illumination of said light in a
selected portion of said viewing area;

16. The device of claim 15 wherein said illumination altering
means is selected from a group comprising a mesh screen, neutral
filter or other means for reducing the amount of said light falling
onto a selected portion of said viewing area. '

17. The device of claim 1 wherein said adjusting 'meaﬁs
comprises means for altéring the spectral content of said light'in
a selected portion of said viewing area.

18. The device of claim 1 wherein said viewing area is a
rectangular shape. |

19. The device of claim 18 wherein said adjusting means
comprises means for'providing a higher illumination of said light
at each of four corner regions than at the center region of said
viewing area to compensate a lower light transmitting rate through

& border region of éaid lens.
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- 31 - 20. The device of claim1l wherein said adjusting neans conpri ses
means for providing a separate illum nation adjustnent for at |east one
region selected fromthe visible and the near infrared regions to
conpensate the different light transmtting characteristics of said lens in
the visible and infrared regions. 21. The device of claim1 wherein said
adj usti ng neans conprises a display neans ﬂpEIYJemﬁng t he i nage obtai ned by
said canmera, and a progranmabl e col or display | ookup table nmeans for naking
the image intensity variation nore prominent. 22. The device of claim1

wherein said pogjpt i ofphelfdFlecO e@qwnlprﬁ;{;ﬁncogg{ASgﬁgg_?gqigf Ofeans

generating a conpensation 1 nage froman | nage obtai ned Trom

cal i brati oeoinptgees MednsEE8E pLovIADhY AYsephdateNRENSALAN dAPEE L frRent
real image in-order to obtain an image which corresponds to a

posi ti on-i fiear iadntlessdnione coeglicn osel@Stedhéromviche efistbiemahdvtieifear
sai d canera val ue rel ated conpensation process conprises a gray scale

cal i brati oRPfEPEER ZRGLABANSSr SompeRsatearthyy ditfRrent | biglthstranamitting
“1359° 1 SHkaRrBRifsly 4 AR aoi 35050 Va3 RRE. Fufhied esiin. o
control system g a PilNdeRdcl’ 656 43R ' ! Wherein said adjusting means
comprises a display means for viewing the image obtained by said
‘camera, and a programmable color d;splay lookup table means for
making the image intensity variation more prominent.. |
22. The device of claim 1 '.wherein said position related
compensation process comprises means for generating a compensation
imagg from an image obtained from said calibration target, and
means for'applying said compensation image to a real image in-order
to obtain an image which corresponds to a position-invarianﬁ
viewigg condition.
23. The device of claim 1 wherein said camera value related
compensation process comprises a gray scale calibration target ﬁnd

means for compensating image variations caused by a change in one

or more of lighting, lens setting and camera electronics.

R



a first and second set of |anps which provides light in the visible and the
near infrared region; neans for filtering |ight produced by the |lanps; a
uniformcalibration target; a four color canera positioned to capture

i mages in the visible and near infrared region fromthe target; neans for
altering the distribution of the light; means for renoving noise fromthe
captured i mages; and neans for providing a.lgpght conpensation. 25. A
device to provide a perceived uniform lighting condition for a

COnt ol SYStemf 2 BT kel PLese oSGl oyThe ERG0l TpFERSLE!! Tl il
o ST B € S B BRLAORS RNy Wi
lighting conditiofirst and second set of lamps which provides light in the
visible and the near infrared region;
means for filtering light produced by the lémps;
a uniform calibration target;
a four color camera positioned to capture images in the
.visible and near infrared region from the target;
means for altering the distribution gf the light;
means for removing noise from the captured images; and
means for providing a light compensation.
25. A device to provide a perceived uniform 1lighting
condition for a control system in a printing press, éomprising:
means for generating light in the visible and infrared
regions; |
a target used for calibration;
means for capturing an image in the visible and infrared
regions; and
means for adjusting the light and provide a light

compensation to form a uniform lighting condition.
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